Abstract Purpose: The study aims to compare the standard/continuous light delivery with fractionated light delivery for interstitial photodynamic therapy (PDT) of prostate cancer. Experimental Design: Dunning R3327 prostate tumor models were established in male syngeneic rats. When tumors reached f3,000 mm 3 , animals were randomized to various treatment groups. Three hours after QLT0074 injection, tumors were illuminated by 690-nm light delivered by a computer-controlled switch, which sequentially directed light to one of the seven optical fibers in cycles. For comparison, tumors were treated with continuous illumination.Tumors treated with light-only served as control. Dynamic contrast-enhanced magnetic resonance imaging was used to monitor tumor perfusion changes before and after PDT. Results: Tumor response (animal survival) to PDT with fractionated light delivery was PDT dose dependent in both tumor models. Rats bearing anaplastic tumor treated by fractionated light (PDT dose: 1.5 mg/kg QLT0074, 900 J light) had a median survival of 51days with 25% tumor cures compared with that of 26 days with no tumor cure by continuous illumination (P = 0.015) and 14 days by light-only (P = 0.0001). Rats bearing well-differentiated tumor treated by fractionated light had a median survival of 82 days compared with 65 days by continuous illumination (P = 0.001) and 37 days by light-only. PDT with fractionated light generated a perfusion reduction of 80% compared with 52% for continuous illumination in well-differentiated tumors. Conclusions: Fractionated light delivery is more effective than continuous light delivery in PDT of prostate cancer (solid tumors). These results warrant further investigation in clinical trials.
Prostate cancer is the most common malignancy in American men (1) . Prostate-specific antigen screening protocols have led to the diagnosis of more prostate cancer in earlier stages. It also results in the diagnosis of clinically insignificant cancers that are often indolent and not likely to adversely affect the quality or length of the patient's life (2) . To date, choice of the best treatment option for men with prostate cancer represents a considerable challenge because of lack of precise markers to distinguish low-risk patients from high-risk ones (3, 4) . Photodynamic therapy (PDT) is an alternative treatment modality for many cancers and seems promising for patients with localized prostate cancer. PDT as used in most protocols would not be expected to be mutagenic and can be repeated without accumulative toxicity (5, 6) .
PDT relies on a dual selective process in which a photosensitizer (nontoxic dye) localizes in target tissue or a tumor before being activated by targeted light. A rapid photochemical reaction occurs, yielding reactive oxygen species (predominantly singlet oxygen, 1 O 2 ) derived from tissue oxygen, which leads to depletion of tissue oxygen (7 -9) . The photochemicalinduced alteration in the cell membranes (lipid peroxidation) is cytotoxic and vasculotoxic and results in cytokine release, causing blood vessel stasis and further hypoxia. This initial hypoxic phase is reversible in the early stage of PDT, depending on fluence rate and fractionation (7, 10) . However, the cumulative effects of the photochemical reactions lead to vascular collapse and blood flow shutdown, which ultimately causes tumor necrosis (11, 12) . PDT efficacy depends on tissue photosensitizer concentration, light dose, fluence rate, and tissue oxygenation. To increase target tissue photosensitizer concentration, intraarterial delivery of photosensitizers has been investigated (13) . Other strategies of improving tumor response include lowering fluence rate, fractionating light illumination, and increasing tumor oxygen tension during PDT (7 -9, 14, 15) . All of these strategies seem to work well. One of the limitations of using low fluence rate and fractionation is the prolonged treatment time. Clinical application of PDT generally seeks to minimize treatment time. This problem may be partially addressed with multifiber interstitial PDT in larger solid tumors, such as prostate cancer. Because prostate cancer is usually multifocal, multiple optic fibers (up to seven) are inserted into the prostate to deliver light for interstitial PDT to the whole prostate (6, 13) . With this technique, fractionated illumination can be achieved by a computer-controlled switch. Furthermore, the fibers can also be used to detect tissue fluorescence feedback, which makes real-time monitoring of the PDT process possible. This novel switched light delivery system (Tulip J., et al., U.S. patent 60/646/656) was tested in the present study for therapeutic effectiveness in two prostate tumor models and compared with the standard/continuous light delivery (light on all fibers without pause).
Solid tumor oxygenation varies from area to area within a tumor and is difficult to accurately measure (16, 17) . However, there is a general consensus that local O 2 consumption rate and blood perfusion are the most crucial direct factors affecting PDT efficacy (18) . Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) and blood oxygen level -dependent MRI were previously shown to be sensitive tools for assessing tumor perfusion and oxygen changes during and after PDT or antivascular drug therapies (19 -21) . Therefore, in this study, DCE-MRI was used to evaluate tumor vascular response (blood perfusion change) to interstitial PDT.
Materials and Methods
Animal tumor models. All animal procedures were done in accordance with the Guidelines of the Canadian Council on Animal Care and under the approval of the University Animal Welfare Committee. The Dunning R3327 rat prostate adenocarcinoma, which arose spontaneously in a male Copenhagen rat, has several tumor sublines (22) . The slower-growing R3327-H subline is well-differentiated and closely mimics the human prostate cancer biology. The R3327-AT subline is an anaplastic and faster-growing tumor. Previous studies have shown the H tumor to be well perfused and the anaplastic tumor to be poorly perfused with a hypoxic/necrotic center (12) . With the animals anesthetized with 2% isoflurane in oxygen, donor R3327 tumor chunks (3-mm blocks) were implanted s.c. into the left flank of male Fischer Â Copenhagen rats weighing 200 to 300 g (Charles River Laboratories). Latency periods of 20 weeks for well-differentiated tumors and 2 weeks for anaplastic tumors were typically observed before they became palpable. Tumor growth was measured by procedures previously described (23 -25) . When tumors reached z2 cm in diameter (f3 cm 3 ), animals were randomized to various treatment groups.
Photosensitizer. Liposome-formulated QLT0074 (benzoporphyrin derivative 1,3-diene C,D-diethylene glycol ester A ring, a gift from QLT, Inc.) was reconstituted with sterile water to 2 mg/mL of drug before use. QLT0074 is a member of the same chemical class as the approved photosensitizer verteporfin (26) . Previous drug distribution studies showed that the highest tumor photosensitizer level was observed f3 h postinjection (27) . This interval between drug administration and light illumination is generally suggested for PDT of solid tumors (28) .
Light delivery techniques. The traditional continuous light delivery method used in this study was similar to that previously reported (12, 24, 25) . Light at 690 nm, from an argon-driven Ti-Sapphire laser (Spectra Physics), was split into seven beams of equal intensity and focused into 600-Am quartz optical fibers with 1.5-cm cylindrical diffusing tips. Seven fibers were inserted into the tumor at 8 to 10 mm apart through a template which defined a hexagonal pattern of equilateral triangles. Light fluence rates were maintained at f90 mW per fiber. A universal light power meter (Melles Griot 13 PDC 01) was used to measure the light that was collected in an integrating sphere (Melles Griot 13 PDC 03) from each fiber before and after treatment, as well as from separate fiber during treatment. For the novel fractionated light delivery method, light at 690 nm from one or two diode laser sources (Optical Fiber Systems, Inc.) was delivered by a computer-controlled light switch with multiple output ports (Fig. 1) . Light from the diode lasers was sequentially coupled to the fibers by the switch, with illuminating time of 1, 5, or 100 s for each fiber. The output fluence rate from each diode laser was f200 mW per fiber. Identical to continuous light delivery, seven fibers were inserted through the template into the tumor. Thus, when one laser source was used and the light-on time was 100 s per fiber, then the light-off time for each fiber was 600 s. When two laser sources were used simultaneously, the light-off time was 300 s. Total light dose was 900 J per tumor for both continuous and fractionated light delivery. The time of treatment varied from f25 min (continuous light delivery) to f70 min (fractionated light delivery, one laser) or f40 min (two lasers).
Interstitial photodynamic therapy. When tumors reached volumes of f3 cm 3 (f2 cm in diameter), animals were randomly assigned to various treatment groups (see Table 1 ). Initially, dose-finding experiments were carried out with various fractionated light delivery protocols and graded doses of QLT0074. From these experiments, the maximum tolerated PDT dose of 2.0 mg/kg QLT0074 with 900 J light was determined. Therefore, the PDT dose for continuous light delivery was chosen as 1.5 mg/kg QLT0074 and 900 J. After the initial experiments, six groups of rats (9-15 per group; see Table 1 ) bearing anaplastic tumors were treated, including one group treated with light-only (900 J) as a sham control. Five groups of rats (8-12 per group) bearing welldifferentiated tumors were treated and compared with the anaplastic tumors. QLT0074 was injected via the indwelling tail vein catheter 3 h before light illumination. During PDT, animals were anesthetized with ketamine (75 mg/kg, i.p.) and xylazine (8 mg/kg, i.p.) and kept warm with a circulating warm-water blanket. The body was draped from light, except for the tumor. Four 27-gauge copper-constantan thermal couple needles (Omega) were inserted into the tumor along the tracks of the optic fibers to continuously monitor intratumor temperature during light illumination. After PDT, animals were subjected to MRI tumor perfusion studies.
DCE-MRI technique. The dynamic MRI perfusion studies of tumor were conducted before and 1 to 72 h post-PDT using a Philips Intera 1.5 T magnet MRI unit (Best). Two small C4 surface coils were used to detect the RF signals, with one underneath the anaesthetized rat and the other on the top (abdomen). At the same time of MRI scanning, gadoteridol (0.15 mmol/kg or 0.1 mL per rat) was slowly injected via the tail vein catheter, followed by a 0.9-mL normal saline flush (a total volume of 1 mL) over 30 s. Dynamic perfusion scanning used a coronal T1-weighed three-dimensional volume gradient echo technique [TR/TE = 7.5/4.4 ms, flip angle = 40, field of view = 160 Â 160 mm, matrix of 196 Â 256, 10 slices of slice thickness/gap = 3.5/0 mm, scan repetition time = 10 s for 10 repetitions (total scan time of 100 s, 100 images collected for each tumor)]. This was followed by postgadoteridol T1-weighed spin echo imaging. The dynamic signal intensity of gadoteridol perfusion was calculated on a pixel-by-pixel basis from the whole tumor central section and from manually outlined regions of interest of the tumor periphery. Signal intensity curves were graphed as gadoteridol-induced enhancement versus time, using the averaged results from the rats of each treatment group. Comparisons between pretreatment and posttreatment measurements and between fractionated and continuous light delivery groups were done using two-tailed Student's t test or one-way ANOVA (SAS ver. 9.1, SAS Institute, Inc.). Follow-up protocol and histologic study. After PDT, each rat was housed separately in a light-protected cage, with free access to food and water. Animals were monitored for any signs of toxicity or discomfort related to PDT, which included poor grooming, lethargy, and troubled breathing. Animals with signs of these distresses for 1 to 3 days were euthanized and subjected to necropsy. Tumor and major organs were retrieved for histologic examination. These euthanized rats were censored and tabulated as PDT/procedure-related death (see Table 1 ). Animals were otherwise followed for tumor growth delay/ cure. Tumors were measured thrice per week with calipers in three mutually orthogonal diameters (D). Tumor volumes (V) were calculated using the formula
When a tumor regrew to 4Â treatment volume (end point), the rat was sacrificed and underwent necropsy looking for metastasis and changes in the tumor histology. Tumors that became impalpable for >100 days (for anaplastic tumors) or 200 days (for well-differentiated tumors) following treatment were considered cured. Tumor response (animal survival) to various therapy regimens was plotted as percentage of animals with tumor volume less than 4Â treatment volume versus time after PDT.
Statistical analysis of survival data. The median survival days were calculated for each group using the Kaplan-Meier method (Prism). The multivariate Cox proportional hazards model (SAS ver. 9.1, SAS Institute, Inc.) was used to analyze the time for the tumor growth to 4Â treatment volume with tumor sizes as covariates, because the pretreatment tumor size is an important factor affecting the tumor response to PDT. Premature deaths due to the treatment procedure were included in the model as censored cases. Hypotheses involved comparing continuous light delivery with fractionated light delivery. P < 0.05 was used for statistical significance.
Results
Histopathology findings and animal tolerance to interstitial PDT. In the initial PDT dose-finding experiments, animals bearing anaplastic tumors received escalated doses of light and QLT0074. One third (5 of 15) of the animals needed to be euthanized 3 to 5 days post-PDT with 2 mg/kg drug and 900 J fractionated light. These animals seemed to have succumbed from pulmonary edema possibly related to acute tumor necrosis. No gross pathologic changes in other organs were observed in these euthanized rats except for the lungs, in which capillary congestion with alveolar effusions was observed (data not shown). Therefore, intermediate PDT doses of 1.5 mg/kg drug and 900 J were chosen to compare continuous with fractionated light delivery. Subsequent animals tolerated the procedures well at the intermediate dose. During interstitial photodynamic therapy at light fluence rates used in this study, tumor temperatures (close to the fibers) increased from 34 F 2jC (before PDT) to 36 F 2jC (during PDT). Therefore, no hyperthermic effect on tumor response would be expected. All animals recovered from interstitial PDT, and none died within 24 h. However, the majority of animals manifested some degree of distress within 24 h post-PDT. Observed distress included decreased appetite and lethargy. Grossly, the skin over the tumor seemed swollen with ischemia. On acute histology, there was marked hemorrhagic reaction surrounding the tumor and inside the tumor (Fig. 2) . Microscopically, the (Fig. 3B and D) . Vascular stasis and emboli were particularly evident in the larger capsular vessels. Coagulative tumor necrosis was observed in both tumor models; however, it was more comprehensive in well-differentiated than in anaplastic tumors ( Fig. 3B and D) . In the latter, sparing of viable tumor tissue was observed (Fig. 3D) . As opposed to the initial swelling and subsequent tumor shrinkage observed for well-differentiated tumors post-PDT, the anaplastic tumors usually became ulcerated with sloughing of necrotic tumor tissue (Fig. 4) . Despite this dramatic response, the majority of the anaplastic tumors regrew, leading us to conclude that those viable tumor cells either survived due to incomplete blood flow shutdown or to the ability of the anaplastic tumor to survive in hypoxic states (12) .
Tumor perfusion changes. Figures 5 and 6 show representative DCE-MRI perfusion images of the well-differentiated and anaplastic tumors before and after PDT, with either fractionated or continuous light delivery, respectively. Images were acquired by dynamic three-dimensional volume scanning over 100 s immediately before (time, 0 s), during, and after contrast agent injection (the time for injection was 25-30 s). Before PDT, signal intensity enhancement (i.e., perfusion) in well-differentiated tumors was relatively homogeneous from tumor periphery to center (Fig. 5) , indicating that well-differentiated tumor is well perfused, although there was intertumoral/intratumoral heterogeneity in tumors >4 cm 3 . In contrast, perfusion in anaplastic tumors was highly inhomogeneous. The tumor periphery was well perfused, whereas the tumor center was poorly perfused (Fig. 6 ). Histologic findings of the well-differentiated and anaplastic tumors correlated well with these perfusion results. There was a noticeable necrotic center in anaplastic tumors of f2 cm 3 , whereas only limited necrotic foci were observed in well-differentiated tumors of >5 cm 3 ( Fig. 3A and C, insets). Furthermore, organized blood vessels were observed in both the periphery and center of well-differentiated tumors (Fig. 3A) , but less dense and smaller vessels were observed in anaplastic tumors (Fig. 3C) . Interestingly, after PDT with either fractionated or continuous light delivery, there was virtually no signal enhancement (perfusion) in both tumor sublines within 24 h (Figs. 5 and 6 ). This perfusion shutdown was further validated by MRI T1 -spin echo images collected 5 min after dynamic imaging in anaplastic tumors (Fig. 6 ). This MRI perfusion data suggest that tumor vessel damage/stasis occurs early after PDT using either fractionated or continuous light delivery. These perfusion patterns are in agreement with previous tumor oxygenation studies using these tumor models (12, 29) . Time-course signal intensity curves were plotted from tumor rims of the well-differentiated and anaplastic tumors (Fig. 7A ) and central slices of well-differentiated tumors (Fig. 7B ) or anaplastic tumors (Fig. 7C) before and 1 h after PDT. Figure 7A shows that gadoteridol-induced signal enhancement in the tumor rim regions of interest reached peak levels from 70 to 100 s and was comparable in both tumor models before PDT. PDT with fractionated light delivery markedly reduced the signal enhancement to a level near baseline (time, 0 s). The percentage change (attenuation) in maximum gadoteridol intensity pretreatment and posttreatment was 80% in welldifferentiated tumor periphery (P < 0.0001) and 78.5% in anaplastic tumor rim (P < 0.0001). PDT with continuous light delivery also reduced the perfusion of the tumor peripheries, with attenuation of 52% in the well-differentiated (P = 0.0014) and 74% in anaplastic tumors (P < 0.0001). Before PDT, the whole well-differentiated tumor perfusion was comparable with the tumor periphery (Fig. 7B ). Figure 7B also shows the perfusion changes of the whole well-differentiated tumor posttreatment. PDT with fractionated light delivery and 1.5 mg/kg of QLT0074 greatly reduced the signal enhancement to near-baseline levels.
PDT with lower drug dose (1.0 mg/kg) and fractionated light or continuous light delivery also generated appreciable perfusion reduction, but to a lesser extent than 1.5 mg/kg. The average whole anaplastic tumor perfusion before PDT seemed much lower than that of its tumor rim, consistent with poor perfusion of the tumor center (Fig. 7C) . PDT with either fractionated or continuous light delivery generated only a moderate attenuation of signal enhancement in anaplastic tumor, as there was virtually no perfusion in the tumor center pretreatment (Fig. 6) . Unsurprisingly, treatment with light-only did not affect tumor perfusion. To examine when perfusion recovers, tumor perfusion from six rats (three bearing anaplastic and three bearing well-differentiated tumors) treated with fractionated light delivery was examined 72 h post-PDT. There was no evidence of perfusion recovery in these tumors (data not shown).
Animal survival. Figure 4 shows representative well-differentiated and anaplastic tumors cured by PDT with fractionated light delivery. Initially, post-PDT, both the well-differentiated and anaplastic tumors swelled with edema. The well-differentiated tumor started to shrink 5 to 10 days posttreatment with escar formation. The anaplastic tumor developed focal skin and tumor necrosis with ulceration. These macroscopic observations coincided with histologic changes observed post-PDT, in that damage to the well-differentiated tumor was more uniform relative to the anaplastic tumor (Fig. 3) .
If the tumors were not cured, the time (in days) for tumor regrow to 4Â treatment volume was recorded as the time of animal survival posttreatment. Survival curves of animals bearing anaplastic tumors are graphed in Fig. 8A and those bearing well-differentiated tumors in Fig. 8B . Generally, there was a dose-dependent tumor response to PDT in both tumor models. More importantly, animals treated with fractionated light delivery survived longer (taking a longer time to grow 4Â treatment volume) than those treated with continuous light delivery when given the same PDT doses (1.5 mg/kg drug and 900 J per tumor). Using the Cox proportional hazards model to compute the P values and hazard ratios (HR) for tumors treated by fractionated light delivery relative to continuous light delivery (HR = 1), the P values and HRs for anaplastic and well-differentiated tumors were P = 0.015, HR = 0.29 (95% confidence interval, 0.10-0.79) and P = 0.001, HR = 0.28 (95% confidence interval, 0.10-0.74), respectively (see Table 1 ). Furthermore, tumor cures were observed only in groups receiving fractionated light delivery. Interestingly, for anaplastic tumors treated by shorter light-on cycles (1 s per fiber per cycle), there was no statistical significance in survival between groups of fractionated and continuous light delivery (P = 0.229, HR = 0.55). However, for well-differentiated tumors treated by shorter light-on cycles (5 s per fiber), there was a statistical difference between groups of fractionated and continuous light delivery (P = 0.001, HR = 0.31). Therefore, fractionated light delivery for PDT may work even better in well-perfused welldifferentiated tumors. Tumor size was also a critical factor affecting tumor response. PDT at a fix dose was clearly less effective for the larger tumors. The HRs of tumors z4 cm 3 relative to tumors <4 cm 3 were 1.88 and 3.40 for well-differentiated and anaplastic tumors, respectively. The average tumor sizes were comparable among different groups within each tumor type (see Table 1 ), except for the initial high-dose anaplastic tumor group.
Discussion
This study shows that fractionated light delivery is more effective than continuous light delivery in interstitial PDT of solid tumors (rat prostate carcinomas). Here, we used two extremes of tumor differentiation and perfusion to examine the tumor response. DCE-MRI was used in this study to gain more anatomic information over previous studies and consistent with other studies is a suitable method for providing noninvasive assessment of tumor perfusion changes pre-PDT and post-PDT (21, 30) . The rationale of fractionated light delivery is that it will allow tissue reoxygenation to occur during the light-off period, extending direct phototoxicity to tumor cells at the early phase of PDT (10, 15, 17) . The rate of O 2 consumption in the photodynamic process is believed to be fast and in the order of seconds (31, 32) . To date, however, the optimal fractionation rates have not been clearly defined (33) . At the late phase of PDT, when the tumor vessels are damaged and blood flow stops, the phototoxicity benefit from fractionated light delivery is likely minimal. The advantage of computerswitched fractionated light delivery with multiple interstitial fibers is that fractionated light can be constantly delivered to the tumor or target organ in various sequences of on/off durations. This may be important as the blood flow and O 2 delivery changes overtime, with a reported initial increase and then decrease (34) . Potentially, this change in blood flow and oxygenation can be monitored by sequential illumination and detection in the multifiber array and the duration of on/off sequences adjusted. Furthermore, real-time photosensitizer fluorescence detection in tumor is possible, thereby customizing light dosimetry, as much as possible, to shape PDT effect (35) .
The O 2 recovery phase (light off) is likely to be tumor type dependent owing to variations in vessel structure (density), flow rate, and oxygenation. For anaplastic tumors, the 1-s on (6-s off) cycles showed less effective response than the 100-s on (600-s off) cycles. On the other hand, for well-differentiated tumors, the 5-s on (30-s off) cycles were as effective as the 100-s on cycles. This finding may be consistent with the better oxygenation status of the well-differentiated tumor. Although not thoroughly explored, a light-off period of 100 s seems to be optimal for O 2 recovery in both the well-differentiated and anaplastic tumors. It should be kept in mind, with this iterative switch system, that the longer the light-off period, the longer the light-on time. Previous tumor oxygen tension measurement studies showed that continuous irradiation of 2 min could reduce the tumor oxygen to near zero (10, 17, 32) . Given these time intervals, we tried to use two laser sources simultaneously to speed up the treatment. Interestingly, similar tumor response and tumor temperature changes were observed between one and two sources (data not shown).
In this particular study, we elected to use DCE-MRI to monitor the extent of PDT-induced vascular effect. DCE-MRI is based on the concept that if the vessel becomes collapsed either due to vasospasm, vascular stasis, or posttreatment necrosis, the subsequently injected contrast medium cannot be delivered into that tissue to show enhancement. The three-dimensional gradient DCE-MRI technique was applied in this study to monitor tumor perfusion changes before and after interstitial PDT. Baseline perfusion studies (pre-PDT) showed the welldifferentiated tumor to be well perfused, with a relatively homogeneous distribution of gadoteridol from the tumor periphery to the center. In contrast, the anaplastic tumors were poorly perfused with only the tumor periphery being well perfused (pre-PDT). Additionally, larger tumors had proportionately greater hypoxic/necrotic volumes with increased heterogeneity in tumor perfusion. However, differences in vessel patterns and tumor perfusion may exist between heterotopic and orthotopic prostate tumor models. PDT markedly reduced the perfusion of the anaplastic tumor rim and the whole well-differentiated tumor. Therefore, vascular shutdown is a major mechanism contributing to QLT0074-PDT phototoxicity in these heterotopic models. Histologic examination not only confirmed tumor vascular stasis but also showed substantial tumor cell damage. PDT with fractionated light tended to produce a greater reduction in perfusion compared with continuous light delivery, suggesting the former procedure eventually causes more vascular damage. This is in agreement with the observed tumor response (animal survival).
Although photodynamic therapy of the prostate is still experimental, our ultimate goal is to treat the whole prostate (benign or cancerous diseases) with targeted light and drug delivery. Our proposed intraarterial drug delivery will require real-time monitoring drug delivery and accurate light dosimetry (13) . This switched/fractionated delivery system should allow us to accomplish this goal with proposed iterative feedback monitoring the amount of drug, light, fluorescence, and deoxyhemoglobin. In future clinical applications of PDT, the light and drug doses should be carefully prescribed to achieve a targeted or optimal effect.
In summary, this investigation shows, in two differently perfused animal tumor models of the prostate cancer, that PDT with computer-switched/fractionated light delivery is more effective compared with conventional/continuous light delivery. It also shows that DCE-MRI provides noninvasive assessment of tumor perfusion changes before and after treatment, which correlate with phototoxicity to the tumor both histologically and by survival. Fractionated light delivery, is therefore likely to improve efficacy in clinical PDT of solid tumors, while allowing for iterative monitoring using the multifiber switched delivery method. The light-on period for each fiber will need to exceed 5 s in cycles and will likely need to be worked out for each individual tumor, ideally in a real-time process to maximize the PDT effect.
